Context. Since 1998, a planet-search around main sequence stars within 50 pc in the southern hemisphere has been carried out with the CORALIE spectrograph at La Silla Observatory. Aims. With an observing time span of more than 20 years, the CORALIE survey is able to detect long term trends in data with masses and separations large enough to select ideal targets for direct imaging. Detecting these giant companion candidates will allow us to start bridging the gap between radial velocity detected exoplanets and directly imaged planets and brown dwarfs. Methods. Long-term precise Doppler measurements with the CORALIE spectrograph reveal radial velocity signatures of massive planetary companions and brown dwarfs on long-period orbits. Results. In this paper we report the discovery of new companions orbiting HD 181234, HD 13724, HD 25015, HD 92987 and HD 50499. We also report updated orbital parameters for HD 50499b, HD 92788b and HD 98649b. In addition, we confirm the recent detection of HD 92788c. The newly reported companions span a period range of 15.6 to 40.4 years and a mass domain of 2.93 to 26.77 MJup, the latter of which straddles the nominal boundary between planets and brown dwarfs. Conclusions. We have reported the detection of five new companions and updated parameters of four known extrasolar planets. We identify at least some of these companions to be promising candidates for imaging and further characterisation.
Introduction
Little is known about massive giant planets and brown dwarfs at orbital separations between 5 and 50 AU due to their low occurrence rate (Bowler 2016) and to the lower sensitivity of the different observing methods in this separation range. Indeed, radial velocities and transit techniques are extremely efficient to detect planets around older stars at short separations (Fischer et al. 2014) . On the other hand, direct imaging is most efficient at detecting younger planets at separations larger than several times the diffraction limit of the telescope (typically 5 to 10 λ/D). This Based on observations collected with the CORALIE spectrograph mounted on the 1.2 m Swiss telescope at La Silla Observatory and with the HARPS spectrograph on the ESO 3.6 m telescope at La Silla (ESO, Chile).
The radial velocity measurements and additional data products discussed in this paper are available on the DACE web platform at https://dace.unige.ch/radialVelocities. See the appendix for a direct link to the individual target data products.
translates into several tens of astronomical units for the closest young stellar associations (e.g. β Pic and 51 Eri as part of the β Pic moving group (Zuckerman et al. 2001; Feigelson et al. 2006) and HR 8799 as part of the Columba association (Zuckerman et al. 2011)) . And yet, the population of massive giant exoplanets at intermediate orbital separations between 5 -50 AU is an important puzzle piece needed for constraining the uncertainties that exist in planet formation and evolution models.
The historical CORALIE planet-search survey has been ongoing for more than 20 years in the southern hemisphere and monitors a volume limited sample of 1647 main sequence stars from F8 down to K0 located within 50 pc of the Sun (Udry et al. 2000) . With an individual measurement precision ranging between 3.5 and 6 ms −1 , CORALIE has allowed the detection (or has contributed to the detection) of more than 140 extra-solar planet candidates (Pepe et al. 2002; Udry et al. 2002; Tamuz et al. 2008; Ségransan et al. 2010; Marmier et al. 2013) . Such a long and contin-Spectral types, V band magnitude and colour indices are taken from the HIPPARCOS catalogue (Perryman et al. 1997) while astrometric parallaxes (π) and luminosities are taken from the second Gaia date release (Gaia Collaboration et al. 2018) . Effective temperatures, gravities and metallicities are derived using the same spectroscopic methods as applied in Santos et al. (2013) , whilst the v sin(i) is computed using the calibration of CORALIE's Cross Correlation Function (CCF) (Santos et al. 2001; Marmier 2014) .
The mean chromospheric activity index -log (R HK ) -of each star is computed by co-adding the corresponding CORALIE spectra to improve the signal-to-noise which allows us to measure the Ca II re-emission at λ = 3933.66 Å. We derived an estimate of the rotational period the star from the mean log (R HK ) activity index using the calibration of Mamajek & Hillenbrand (2008) .
Stellar radii and their uncertainties are derived from the Gaia luminosities and the effective temperatures obtained from the spectroscopic analysis. A systematic error of 50 K was quadratically added to the effective temperature error bars and was propagated in the radius uncertainties.
The mass and the age of the stars, as well as their uncertainties, are derived using the Geneva stellar evolution models (Ekström et al. 2012; Georgy et al. 2013) . The interpolation in the model grid was made through a Bayesian formalism using observational Gaussian priors on T eff , M V , log g, and [Fe/H] (Marmier 2014) .
The observed and inferred stellar parameters for newly detected host stars to planetary companions are summarised in Table 1 and host stars to brown dwarf companions in Table 2 .
Radial velocities and orbital solutions
The CORALIE observations span over more than 20 years, from June 1998 to December 2018. During that time, CORALIE went through two major upgrades, in June 2007 (Ségransan et al. 2010 ) and in November 2014 to increase overall efficiency and accuracy of the instrument. These changes introduced small offsets in the measured radial velocities that depend on several parameters such as the spectral type of the star and its systemic velocity. For this reason, we decided to consider CORALIE as three different instruments, corresponding to the different upgrades: the original CORALIE as CORALIE-98 (C98), the first upgrade as CORALIE-07 (C07) and the latest upgrade as .
In addition to the radial velocity time series, the CORALIE automated pipeline also provides several useful indicators that help pinpoint the origin of observed periodic signals. These are the CCF Full Width at Half Maximum (FWHM), bisector and the H α chromospheric activity indicator.
We are also using published radial velocities taken with other spectrographs, namely, HARPS (Mayor et al. 2003) , HIRES (Vogt et al. 1994) and HAMILTON (Vogt 1987) . The data products presented in this paper are available at the Data and Analysis Center for Exoplanets (DACE )
1 . We perform an initial modeling of the radial velocity time series using the online DACE platform. Keplerian model initial conditions are computed using the formalism described in Delisle et al. (2016) . The stellar activity detrending and the modeling of the instrumental noise and the stellar jitter follow the formalism described in Díaz et al. (2016) and Delisle et al. (2018) . Analytical false alarm probabilities (FAP) are computed on the periodogram of the residuals following Baluev (2008) and numerical FAP values which are used in this paper are computed by permutation of the calendar. Periodic signals with a FAP lower than 0.1% are considered significant and are added to the model. For each periodogram shown, the three lines represent the 10%, 1% and 0.1% false alarm probability in ascending order.
Once the RV time series is fully modeled using DACE online tools, we run a Markov Chain Monte Carlo (MCMC) analysis of each system using the algorithm described in Díaz et al. (2014 Díaz et al. ( , 2016 and Delisle et al. (2018) to obtain the posterior distributions of the model parameters. Each MCMC simulation is run with 10,000,000 iterations drawing the proposal solution obtained using DACE. The Sousa et al. (2008) .
(f) Parameters derived using HARPS spectra.
(g) From the calibration of the rotational period vs. activity (Mamajek & Hillenbrand 2008). parameter confidence intervals are computed for a 68.27% confidence level.
Gaussian priors are set for the instrument offsets and stellar mass with uniform priors for the orbital elements. In the cases where the minimum radial velocity (T Vmin ) or the maximum radial velocity (T Vmax ) is well sampled, we perform the fit using either of these instead of fitting the phase.
In this section we present the orbital solutions for newly reported giant planets and brown dwarfs from the CORALIE survey. A summary of the orbital solutions can be found in Table 3 for the newly detected companions and the fully probed MCMC parameter space is shown in the Appendix.
HD 181234 (LTT 5654, HIP 95015)
HD 181234 has been observed with CORALIE at La Silla Observatory since May 2000. Fifteen measurements were taken with CORALIE-98, 21 additional radial velocity measurements were obtained with CORALIE-07 and 59 additional radial velocity measurements were obtained with CORALIE-14. HD 181234 has also been observed with Keck/HIRES (Butler et al. 2017) with 20 radial velocity measurements from June 1999 to August 2014.
The best fit Keplerian, as shown in Fig. 1 , shows that we are looking at a highly eccentric system with an eccentricity of 0.73. It has an orbital period of 20.4 years with a minimum mass of 8.4 M Jup . The orbital solutions are summarised in Table 3 . Figure 1 shows the CORALIE radial velocities and the corresponding best-fit Keplerian model along with the radial velocity residuals and a periodogram of the residuals. The results from the fully probed parameter space from the MCMC are shown in the appendix.
HD 92987 (HIP 52472)
HD 92987 has been observed with CORALIE at La Silla Observatory since January 1999. Fifty-three measurements were taken with CORALIE-98, 18 additional radial velocity measurements were obtained with CORALIE-07 and 22 additional radial velocity measurements were obtained with CORALIE-14.
HD 92987 is one of the brown dwarf candidates with a minimum mass of 16.88 M Jup and a semi-major axis of 9.62 AU, making it a promising candidate for direct imaging. The orbital solutions for HD 92987 are summarised in Table 3 . Figure 2 shows the CORALIE radial velocities and the corresponding best-fit Keplerian model along with the radial velocity residuals and a periodogram of the residuals. The results from the fully probed parameter space from the MCMC are shown in the appendix.
HD 25015 (HIP 18527)
HD 25015 has been observed with CORALIE at La Silla Observatory since May 2001. Twenty-two measurements were taken with CORALIE-98, 32 additional radial velocArticle number, page 3 of 18 A&A proofs: manuscript no. main [mas] 23.0 ± 0.03 22.9 ± 0.03
[L ] 1.14
2.55 ± 0.006
[cgs] 4.44 ± 0.07
4.00 ± 0.15
[dex] 0.23 ± 0.02
−0.08 ± 0.08
−4.76 ± .003 −5.090 ± 0.006
1.14 ± 0.06 1.08 ± 0.06
1.07 ± 0.02 1.58 ± 0.04
References. Notes.
(a) Parameters taken from HIPPARCOS (Perryman et al. 1997) . (c) Parameters derived using CORALIE spectra. Notes. ∆T is the time interval between the first and last measurements. C98 stands for CORALIE-98, C07 for CORALIE-07 and C14 for CORALIE-14. NRV is the number of RV measurements. TP is shown in BJD-2,450,000.
ity measurements were obtained with CORALIE-07, followed by 56 additional radial velocity measurements obtained with CORALIE-14.
We note here that all of the stars in our sample are very quiet with the exception of HD 25015. When we plot the H α versus time, we see that some periodicity exists in the periodogram at a false alarm probability of greater than 10%, as seen in Fig 3 at approximately 370 .26 days. We do not see a periodicity in the FWHM or bisector, therefore we cannot exclude that there is telluric line contamination in the H α index with CORALIE. We detrend the radial velocity from the stellar activity using the H α indicators. A scale factor is adjusted to the smoothed H α (using a Gaussian filter at 0.1 years), as well as an additional jitter term proportional to the activity trend. The orbital solutions for HD 25015 are summarised in Table 3 . Figure 3 shows the CORALIE radial velocities and the corresponding best-fit Keplerian model along with the radial velocity residuals, the periodogram of the residuals and a periodogram for H α before detrending. The results from the fully probed parameter space from the MCMC are shown in the appendix.
HD 13724 (HIP 10278)
HD 13724 has been observed with CORALIE at La Silla Observatory since August 1999. It is a relatively young star at 0.76 ± 0.71 Gyr old.
During the past 19.3 years, 167 Doppler measurements were taken on this target with 70 radial velocity measurements taken with CORALIE-98, 19 with CORALIE-07, 48 with CORALIE-14 and 30 with HARPS. HD 13724 is a brown dwarf companion with a minimum mass of 26.77 M Jup and a semi-major axis of 12.4 AU, making it a promising candidate for direct imaging.
The orbital solutions for HD 13724 are summarised in Table 3 . Figure 4 shows the CORALIE radial velocities and the corresponding best-fit Keplerian model along with the radial velocity residuals and a periodogram of the residuals. The results from the fully probed parameter space from the MCMC are shown in the appendix. 
Updated parameters for known exoplanets
We present updated orbital parameters for a known exoplanet around HD 98649 (Marmier et al. 2013) . We also report updated orbital parameters for HD 92788b (Fischer et al. 2001 ) and confirm the detection of HD 92788c (Wittenmyer et al. 2019) . Moreover, we report the discovery of a new planet around HD 50499 and report updated orbital parameters for HD 50499b (Vogt et al. 2005) . The radial velocity data is fitted in the same way as described in section 3.The stellar parameters for these systems are summarised in Table 1 . For HD 50499 we also report the discovery of a new exoplanet in each system.
The orbital parameters for HD 98649, HD 50499 and HD 92788 are summarised in Table 4 . The probed physical parameters using the MCMC for each target are shown in the Appendix. We report updated parameters for a known exoplanet detected by Marmier et al. (2013) . HD 98649 is a G3/G5V star at 42.19 ± 0.09 pc from the Sun. The star properties are summarised in Table 4 . HD 98649 has been observed with CORALIE at La Silla Observatory since February 2003. Fourteen measurements were taken with CORALIE-98, 42 additional radial velocity measurements were obtained with CORALIE-07, fol- The periodogram of the residuals for HD 25015 after the signal has been removed showing no significant signals. The three black lines represent the 10%, 1% and 0.1% false alarm probability in ascending order. Bottom: Periodogram of Hα before detrending. The three black lines represent the 10%, 1% and 0.1% false alarm probability in ascending order, showing a significant peak above the 10% FAP at 370.26 days.
lowed by 12 additional radial velocity measurements were obtained with CORALIE-14.
It is an extremely eccentric planet with an eccentricity of 0.86 +0.04 −0.02 . The orbital parameters agree well with Marmier et al. (2013) who reported a period of P = 13.56 +1.66 −1.27 years and a mass of M sin i = 6.8 ± 0.5 M Jup .
The orbital solutions for HD 98649 are summarised in Table 4 . Figure 5 shows the CORALIE radial velocities and the corresponding best-fit Keplerian model along with the radial velocity residuals and a periodogram of the residuals. The results from the fully probed parameter space from the MCMC are shown in the appendix. 
HD 50499 (HIP 32970)
HD 50499 is a G1V star at 46.34 ± 0.06 pc from the Sun. The star properties are summarised in Table 1 . We report updated orbital parameters for a known exoplanet around HD 50499b previously detected by Vogt et al. (2005) . We also report the discovery of a new exoplanet in this system. HD 50499 has been observed with CORALIE at La Silla Observatory since January 1999. Forty-four measurements were taken with CORALIE-98, 39 additional radial velocity measurements with CORALIE-07, followed by 40 additional radial velocity measurements with CORALIE-14. There are also 5 measurements taken with HARPS, as well as an additional 86 radial velocity points publicly available from HIRES.
The outer signal has been previously noted by Vogt et al. (2005) . It has also been reported by Butler et al. (2017) who noted that the outer trend is parabolic with additional data points from HIRES. In addition, Barbato et al. (2018) fits the radial velocity data for a single Keplerian orbit plus a quadratic term obtaining a best-fit curve where lower limits for the outer companion are derived. Here we provide additional data points from CORALIE, which allows us to further constrain this outer planet.
We derive the orbital solution for HD 50499 using two Keplerians as seen in Fig. 6 . The orbital solutions for HD 50499 are summarised in Table 4 . Figure 6 shows the Table 4 . Best-fitted solution for the substellar companions orbiting HD 50499, HD 92788 and HD 98649. For each parameter, the mode of the posterior is considered, with error bars computed from the MCMC chains with 10,000,000 iterations using a 68.27% confidence interval. Notes. ∆T is the time interval between the first and last measurements. C98 stands for CORALIE-98, C07 for CORALIE-07 and C14 for CORALIE-14. NRV is the number of RV measurements. Because the ω for HD 50499c is not very well constrained, we just provide the 68.27% confidence interval here. The fully probed parameters from the MCMC can be found in the appendix. TP is shown in BJD-2,450,000. CORALIE, HARPS and HIRES radial velocities and the corresponding best-fit Keplerian models along with the periodogram of the residuals. Figure 7 shows the phase-folded radial velocity diagrams for HD 50499b and HD 50499c. The results from the fully probed parameter space from the MCMC are shown in the appendix.
Parameters
Article number, page 7 of 18 A&A proofs: manuscript no. main These parameters agree well with Vogt et al. (2005) who reports that HD 50499b has a period of 6.80 ± 0.30 years and a mass of 1.71 ± 0.2 M Jup .
Because not all of the outer planet period is covered, the uncertainties on the period of the second Keplerian still remain relatively large with an unconstrained ω.
The parameters we obtain for HD 50499c agree with Barbato et al. (2018) who report that the quadratic trend corresponds to a planet with an orbital period greater P ≥ 22.61 years and a minimum mass of M sin i ≥ 0.942M Jup .
HD 92788 (HIP 52409)
We report updated orbital parameters for HD 92788b (Fischer et al. 2001) and confirm the detection of HD 92788c (Wittenmyer et al. 2019) . HD 92788 is a G6V star at 28.83 ± 0.05 pc from the Sun. The star properties are summarised in Table 4. HD 92788 has been observed with CORALIE at La Silla Observatory since March 1999, 59 radial velocity measurements were obtained with CORALIE-98, an additional 10 radial velocity measurements were obtained with CORALIE-07 and an additional 11 radial velocity measurements were obtained with CORALIE-14. There are also 61 measurements taken with HARPS, as well as 42 radial velocity points publicly available from HIRES and an additional 31 radial velocity points from HAMILTON.
The orbital solutions for HD 92788 are summarised in Table 4 . Figure 8 shows the CORALIE, HARPS, HIRES and HAMILTON radial velocities and the corresponding best-fit Keplerian models along with a time series of the residuals and a periodogram of the residuals. Figure 9 shows the phase-folded radial velocity diagram for HD 92788b and the time series for HD 92788c. The results from the fully probed parameter space from the MCMC are shown in the appendix.
The orbital parameters for HD 92788b agree well with Fischer et al. (2001) who reported a period of P = 0.894 ± 0.009 years and a minimum mass of M sin i = 3.34M Jup and also agree well with the recently reported parameters by Wittenmyer et al. (2019) who report HD 92788b to have an orbital period of 0.892 ± 0.00008 years and a minimum mass of M sin i = 3.78 ± 0.18M Jup . Wittenmyer et al. (2013) tested the system for a potential additional planet with a period of 162 days which they found by limiting the eccentricity of the Keplerian model of HD 92788b. This is because fitting Keplerians can be biased towards fitting an increased eccentricity, especially when the semi-amplitude is small or the system has not been sampled well (Shen & Turner 2008) . Although Wittenmyer et al. (2013) suggested that there is a possible additional planet in the system, when we fitted the Keplerian the signal was not significant above the noise (lower than a 10% false alarm probability) to claim an additional planet at this period, as seen in Fig. 8 and therefore we do not detect this signal.
We do, however, detect the signal of another planet in the system, HD 92788c, as recently discovered by Wittenmyer et al. (2019) . We confirm this planet with orbital parameters that agree with Wittenmyer et al. (2019) , who report a period of 26.99 ± 2.54 years and a minimum mass of M. sin i of 3.64 ± 0.69M Jup . 
Discussion and Conclusion
We have reported in this paper the discovery of five new giant planets and brown dwarfs candidates discovered with the CORALIE spectrograph mounted on 1.2m Euler Swiss telescope at La Silla Observatory as well as updated orbital parameters for four previously detected planets. CORALIE time series combined with the published data sets independently confirms the existence of these four already published companions. In addition, we do not find any significant evidence for the exoplanet suggested by Wittenmyer et al. (2013) . The newly reported companions span a period range of 15.6 to 40.4 years and a mass domain of 2.93 to 26.77 M Jup . Most of the parent stars in this paper have a metallicity excess, as seen in Figure 10 . Despite the small size of our sample, our results seem to agree with previous observations that giant planets appear to occur significantly around stars that are more metal-rich, which has been noted before by Santos et al. (2004) The focus of this paper has been on long period exoplanets, where all of the newly reported planets have periods over 15 years. This contributes to adding to the relatively small number of previously known planets with periods in this range, where according to the NASA Exoplanet Archive 3 there are only 26 known exoplanets with a period greater than 15 years.
As seen in Fig. 11 , the planets and brown dwarfs presented in this paper are bridging the gap between the radial velocity detected exoplanets and the directly imaged exoplanets. As we achieve deeper detection limits and smaller inner working angles in imaging with new instrumentation and telescopes, as well as span longer base lines with radial velocity techniques, this gap in separation will decrease. Combining radial velocity and direct imaging data has previously been utilised, for example by Kane et al. (2014) ; Rodigas et al. (2016b) ; Rodigas et al. (2016a) and Crepp et al. (2012) . And more recently, combining these two techniques has been used with two candidates from the CORALIE RV survey with the detection of HD 4747 B by Peretti et al. (2018) and with the discovery of an ultra-cool brown dwarf companion to HD 4113 A by Cheetham et al. (2018) .
Article number, page 9 of 18 A&A proofs: manuscript no. main With direct imaging detections from these candidates in this paper, we aim to follow the same method as Cheetham et al. (2018) and , and perform an atmospheric retrieval analysis of carbon and oxygen abundances, as demonstrated by Lavie et al. (2017) . The CORALIE survey plays an important step in identifying promising targets for such observations, making CORALIE a unique instrument in being able to carry out such a long continuous survey at high precision.b Furthermore, the stars in the CORALIE sample are older than typically imaged directlyimaged targets, and so the substellar companions probed in this paper represent a new and complementary parameter space.
Trying to detect these long period companions through imaging has been a part of a 15 year effort using VLT/NACO with little success. Now with the capabilities of VLT/SPHERE with a contrast limit of ∼ 10 −3 -10
at a separation of 0.1 arcseconds (Beuzit et al. 2019) , we are able to start detecting these massive planets and brown dwarfs. Some of these targets may be challenging for SPHERE, but where this is the case, they should be within the capabilities of ELT/METIS, where METIS should achieve a 10 −5 contrast at 0.1 arcseconds (Carlomagno et al. 2016 ). In addition, combining astrometry, that will be available from Gaia, with radial velocity data will allows us to further constrain the range of possible masses of these massive companions.
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Appendix B: MCMC Tables
We probed the model parameter space with the MCMC sampler described in Díaz et al. (2014) and Díaz et al. (2016) . For each MCMC simulation, we performed 10,000,000 iterations with initial conditions drawn from the solution obtained using DACE. 
